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MICROBIAL DEGRADATION OF FIBER REINVORCED POLYMER COMPOSITES

Wayne < Tuaker
Naval Underses Warfare Center Divigion
Newport. R1 0284

Brenda J. Little, Richard 1. Ray, and Parricia A. Wagner
Naval ‘Research Laboratory
Stennls Space Center. MS 39529

ABSTRACT

Two fibex reinforced polymer composites were examned for susceptidility to microbial degradation.
Compositas, resins and fibers were exposed to sulfur/iron-axidizing, calcareous-depositing, ammonium-
producing, hydrogen-producing and sulfate-reducing bacteria (SKB). Surfaces were uniformly colonized
in all cases. Epoxy and vinyl ester neat resins, carbon fibers and epoxy composites were not adversely
affected by microbial species, SRB degraded the organic surfactant on glass flbers and preferentially
colonized fiber-viny! ester interfaces. Hydrogen-producing bacteria appeared to disrupt bonding between
fibers and vinyl ester resin and (o penetrate the resin at the interface.

Keywords: Polymer, composite, microorganiam. negradatior

INTRODUCTION

Fiberplase/polymer and carbon/polymer composita matetials are used in many aquatic environments.
With high strength to weight ratiod and improved stiffness for high performance, these matarials
sarpass conveationsl metals and alloys for many structural applications. Unfortunately, listle attention
has been paid to eovironmental degradation. It was long believed, for exampls, that fiberglass bost
bulls would not suffer cotrosion, blofouling o deteriorstion found in conventional materisls, Howeva:,
it Is now recognized that all engincering materials become colonized by microorganisms, including
bacteria, within hours after exposurc in natural watets.! Microorganisma grow and producs a viscoelastic
laysr or biofilm. The environment at the blofilm/matarial interface is radicall deffetmtﬁ'omﬂwbunt
medium in terms of pH, dissolved oxygen, and organic and inorunic species.” Purtherraoce, polymeric
composites are subject to degradation from moisture intrusion and osmotic blistering* Although the
problams of molsture Intrusion and blistering have beon studied and can be sliminated by proper
manufacturing® and malnwnmu procedures, repair costs® and safety risks are high,

Polymeric composites are mbjoct to many kinds of environmental degradation. Tucker’ showed that
carbon/polymer composites galvanically coupled to metals are degraded by cathodic reactions in
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. been‘removed with a cotton svab containing acetone and the sample reweighed. - . ©

seawater. Jones et at! demonmlledmnepoxymnnymueouunponmdmbmhedbymlxed
nunmofmnnebmuh Pundrya reportsd that p-35 graphite fibers were atiacked by a mixed
culture of Pseiidomonas aeruginosa and Acinetobacter calcoacericus, common soil isolates. Poasible
mechnmmuformicmbml degnd:don of polymerio composites includa: direct attack of the resin by
.cxdnorenzymu bhstenngdmtogﬁwoluuon.enhmeedalckingdwtoedmdeponumd
gu evolunon lnd polym dembmuuon by concentrated chlorides and sulfides,

PROCEDUR_E
Identity and Malntenance of Bacterial Culrares

A sulfur/iron oxidizing bactecium, Thiobacillus ferroxidans, Leathan strain, obtained from Dr. Norman
Lazaroff, Stac University of New York, Binghamton, NY, was maintained in 9K medium® containing

3.0 g (NH,),80,, 0.1 g KCL; 05 g K,HPO,, 0.5 g MgSO(TH,0, 0.01 g Ca(NOy), dissolved in
700mldnulledwute:pmvimnlymdlﬁedtopﬂz.5wid\!{,804 The nalt solution was steilized
at 250°C and 150 psi for 15 mimutes. 300 mi of an iron solution conwining 44 g ReSO,7H,0 in
pH 2.5 H;SO, was filter sarilized and added to the salt solution.

Psuedomonas fluorescens, u caleareous-depositing bactarium was obtained form the American Type
Culture Collection (ATCC #17571), Rockville, MD. Tho organism was originally isolated from
poliuted seawster, Ps. fluorescens was maintained in ¢ modinm containing 0.25 g calclum acetate,
04 g yeast extract, 1.0 g glucose, 100 ml distilied water, and adjusted to pH 8.0 using NsOH.}

laetococcus lactls l\lblp lactis, ATCC, #19435, an ammonium-producing bacterium, was maintained
in brain heart infusion media.'? Clostridium acesobusylicum, ATCC #3824, a bactecium previously
shown 10 pmduee copious amounts of hyd:ogcn from fermentation of sugars, was maintained in a
growth medium described by Ford et al.!¥ Sulfate-reducing bacteria, isolatsd as s mixed culture of
facultative microofganisms from s comoslon failure of s carbon stesl waster plece on 8 surface
thip,'34% yere maintained in Postgate B growth medium ¢

Exposure Conditions

Triplicate coupons (2.5 % 2.5 x 0.6 cm) of two fiber reinforced polymer compositet—a carbon fiber
(T-300) reinforced epoxy (NARMCO-3208/T-300, BASF, Structaral Materials, Anshaim, CA), and »
glass (S-2) and carbon (T-300) reinforced viny) ester (Derakans 41145, Dow Chemical; Midland,
Lﬂ).wmexpondtomimbiologicdculmfor 161 days. The epoxy was cured in a vacuum beg
sutoclaved st 121°C. Cure of vinyl ester resing was promoted with 0.3% cobalt napthenats and
0.05% dimethy] aniline, catalyzed with 2% methyl ethyl ketona peroxide. Resins were post-cured at
lOO‘CIorahomCubonﬁbcn glass fibens, vinyl ester, and epoxy resins were expased for 50 days
o SRB and hydm:en- bacteria. Glass fibers had been trested with organofunctional Silane
A2 (Union Carbide » Danbury, CT). All cultures were maintained at room temperature and wers
petiod!cdly refreahed with new media. Triplicate uninocalated controls were maintained under the
mnnxposm; condiﬂm
P N
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Slmplu wuu wdghed before and aftar exposure. Moisture uptake wag culwmed after the biofilm had
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Figure 3. Light microscope micrographs of glass fibers (a) unexposed. - exposed to culture medium,
and (c) exposed to SRB in cuiture medium.

facilitate hnndlmg Silane A-172, & vinyl tris (2-methoxyethoxy. wiane, promotes adhesion between
the vinyl ester resin and glass fibers. Microbial degradation of the surfactant by SRB was further
demonstrated with ESEM/EDS silicon dot maps (Figure 4). Silicon dot maps of control fibers exposed
to uninoculated media showed concentrations of silicon within the core of each fiber 'and emall
smounts of silicon along the length of each fiber. Similar maps for fibers exposed to SRB showed
increased amounts of silicon along the length of the fiber. Many microorganisms are known to degrade
organic polymers. ! The mixed anaerobic culturs containing SRB used in this work has been shown
previously to degrade marine caulks and traditional potymeric coaungs *'*!*

Hydrogen-producing bacteria appeared to diszupt bonding berween fibers and vinyl estet resin (Figure 5)
The organisms penctrated the resin and disruption of fibers and resn may be duc W gas formation
within the composite. ' . e
- HEDT

Previous work pubhshed for moisture uptake for vinyl ester neat restn and the carbon vln;l

composite indicats that the materials should be saturated after 90 days *' The neat resin and the carbon
vinyl ester composits are typically saturated at 0.78 and 2.23% weight gain, mpecﬂvely In the
prescnce of blofilms, moisture uptake was typlcally 0.1 and 0 9% for the neat resin and o'qmponte.
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Surface Analym

Samples were emmned before and after expoture unng an environmental scanning clectmn micm-
scope (Blectroscan Corporation, Wilmington, MA) coupled with an energy-dispersive x-ray lnalym
systom (NORAN, Middleton, WT) (ESEM/EDS). The ESEM uses a secondary electron detector. clpabls
offammghlgh resolution images at pressures in the range of 0.1. w0 20 torr. Atthuopmmm.
vpecimen charging is dissipaed into the gassous environment of the specimen chamber, emblmg
direst observation of uncoated, nonconductive specimens, including polymeric composites. If water
vapor Is used as the specimen environment, wet samples can ba observed. Wet biofilms can be imaged
directly without fixation, dehydration or metal coating, and EDS data can be collected at the same
time sample morphology/topography is photographed.!™!? Samples were examined for evidence of
degradation resulting from microbial activity and compared to uninoculated controls.

' RESULTS AND DISCUSSION

In all cases, composite, neat resin and fiber surfaces were colonized by all microbial types. Neither
the epoxy nor the vinyl ester composites were adversely affected by calcareous-depotiting or
ammonium-producing bactetia. There was no evidence of attack of resins and fibers remained embedded
within both resins. Composites exposed to sulfur/iron-oxidizing bacteria (Rigure 1) were covered with
crystalline deposits containing iron and sulfur in addition to microbial cells, All surfaces cxponed o
SRB:were black due to the deposition of iron sulfides. No domage to the epoxy compositc, epoxy neat
.resin, carbon fibers or vinyl ester neat resin could be attributed to the presence and activities of SRB
and hydrogen-prodncing bacteria.

SRB grew prcfcrenunlly at fiber/resini interfaces on the vinyl ester composite (Figm 2). Glm fibers
exposed 10 SRB lost all rigidity after the 90-day exposure 30 that the weave pattern Was ho longcr
evident (Flgure 3). Control glass fibers remained rigid and maintained the original weave pattern
(Figure 3). Glass fibers are routinely treated with an crpanic surfactant used to size the fibers and to

B . syrzqu s1ctaio
Figure 1. Sulfurfiron-oxidizing bacteria with

uymllimdepocmonsumcco!ﬁwmlnfomd Figure 2. SRB st fiber/tesin intecfaces. of vinyl
polymeric composite. .. - , ester composite’ . Y ¢ iwEsvithian ik a?
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Plgnre4 BDSdotmpoIahcon forglul fibers (a) exposedwcultuxe ‘medium and (b) exposed
mSRBlnwlmmudium..

N j.,.. PV N

.,Lﬂ

relpeodvely It lppam that biofilms may act s «  “fuso: oamer for water, retarding moisture
uptake,

concwsxous .

Epoxy resin and catbon fibers, cither individually or in composits, were not degraded by sulfue/
mn-oxuhzmz. hydtogen-pmdnclng, calcareous-depositing, or SRB. Bacterla did colonize resing,
fibers and composites, but did not causc dsmage. SRB preferentially colonized viny! ester composites
at the fiber-resin interfaces ‘degrads neat vinyl estar retin, SRB degradation of the arganic surfactant
on’ glass fibedw was demonstrated _with' BSEM/EDS. Hydrogen-producing bacteria appear to have
disrupted: thy ﬁbev-vmyl ester resin bonding with penetration of the regin.” -
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Figure 5. Hydrogea-producing bacteris at distupted
interfaces between fibers and viny! ester resin.
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